Background: Drug shortages are a problem that has been growing in recent years. This problem has an impact on patient outcomes and public health. Most countries have been affected by a diversity of drug supply chain problems. Objective: To assess explanations for differences in drug shortages reported in the hospital setting in Saudi Arabia (SA) and the United States (US). Methods: Data were collected in May-June 2014 from Brigham and Women's Hospital (BWH) and from 2 Saudi hospitals: King Abdulaziz University Hospital (KAUH) and King Faisal Specialist Hospital and Research Centre (KFSHRC). Drugs were classified using the World Health Organization (WHO) Anatomical Therapeutic Chemical (ATC) classification system. The drug shortages among the hospitals were compared using descriptive statistics and a chi-square test. Results: The percentage of the total number of active ingredients reported in shortage was higher in the US hospital setting (15.1%) than in the Saudi hospitals (10.3%) (p < .0001). KAUH reported the highest number of shortages (n = 133), followed by BWH (n = 42) and KFSHRC (n = 27). A significantly higher percentage of shortages involved injectable drugs in the US hospital setting (78.1%) than the Saudi hospitals (34.43%) (p ≤ .0001). Nervous system (17%) and alimentary tract and metabolism agents (15.7%) were the therapeutic areas with the higher number of reported shortages in the US and SA hospital settings, respectively. Conclusions: The number and characteristics of shortages varied by country and hospital. Several factors, including differences in hospital characteristics, number and type of drugs available, and procurement systems, may explain differences in reported shortages.
D rug shortages are not new, 1, 2 and they are a global problem that has been growing significantly in recent years. 3, 4 Gray and Manasse listed 21 countries that have been affected by a diversity of drug supply disruptions in an article published in 2012. 4 In the United States (US), drug shortages have been considered a health care crisis. 5 Shortages are becoming more frequent and severe, affecting all therapeutic classes. [5] [6] [7] There were 211 new national drug shortages reported by the University of Utah Drug Information Service in the US in 2010, 267 in 2011, 204 in 2012, 140 in 2013, and 185 in 2014. 5, 8 Information about shortages in Saudi Arabia (SA) is limited. A study at a teaching hospital in SA published in 2010 found that 9% of the prescriptions that were issued during a 6-month study period were not dispensed due to drug shortages. 9 Shortages occur more frequently in the supply chain of sterile injectable products, oncology medications, anesthesia drugs, nutritional supports, and anti-infective therapies. 5, 7, 10 Many different factors contribute to the shortages, including manufacturing problems, increased global demand, changes in regulatory standards, lack of raw materials, voluntary recalls, discontinuations, and quality problems. 5, 11, 12 The low prices of generic medications have also contributed to the occurrence of drug shortages. 13 Drug shortages have a manifest impact on patient outcomes and public health. 12 Shortages may lead to missed dosages, prescribing inaccuracies, dispensing and administration errors, reduced patient adherence, and an increase in health care costs. 7 In spite of the importance of drug shortages and their impact on patient care, there is a lack of studies comparing shortages in the hospital settings of different countries and describing potential factors that could explain differences in shortages among different hospitals and countries.
The objectives of this study were to describe and compare drug shortages reported in selected hospitals in SA and the US in the period May-June 2014 and to discuss factors that could explain differences in drug shortages in the hospital setting in SA and the US.
There are substantial differences between SA and the US in socioeconomic characteristics, drug regulations, pharmaceutical sectors, and health care systems. The authority for ensuring compliance with drug regulations rests in the US Food and Drug Administration (FDA) and the Saudi Food and Drug Authority (SFDA). The US FDA is considered one of the most advanced regulatory systems in the world; the SFDA was implemented in March 2003 and is in the process of developing its regulatory functions. 14 King Faisal Specialist Hospital and Research Centre (KFSHRC) is a 370-bed government-funded tertiary care and national referral hospital facility, with 21,000 patients admitted per year. It is located in Jeddah, the second largest city in SA. KFSHRC allocated $27 million for medications in 2013 and has implemented an integrated computerized system that includes drug procurement, finance, human resources, logistics, and the billing system. 15 King Abdulaziz University Hospital (KAUH) is an 845-bed government-funded tertiary care teaching hospital in Jeddah. It allocated $12.5 million for medications in 2013, and the number of admissions reached 41,000 patients. 16 Brigham and Women's Hospital (BWH) in Boston, Massachusetts, is a private nonprofit teaching 793-bed general medical and surgical facility with more than 45,000 admissions annually. Its drug budget allocation was $110 million in 2013. 17, 18 
DATA AND METHODS
Data for national drugs shortages were obtained from the FDA and the American Society of Health-System Pharmacists (ASHP) databases. 19, 20 The FDA defines drug shortages as a situation in which the total supply of all clinically interchangeable versions of a drug are inadequate to meet the current or projected user demand, while the ASHP describes drug shortages as a supply issue that affects how the pharmacy prepares or dispenses a drug or how patient care is influenced when prescribers use alternative products. 7 A convenient sample of hospitals, including the BWH in the US and KAUH and KFSHRC in Saudi Arabia, provided information about drugs that were on back order (ie, a hospital has ordered a drug and it is not readily available for purchase). However, each hospital may have different criteria to operationalize and report shortages.
The data were collected in May-June 2014, stored in Excel spreadsheets, and listed by active ingredient and dosage form. Drugs were classified using the World Health Organization (WHO) Anatomical Therapeutic Chemical (ATC) classification system. Descriptive statistics were performed to describe shortages by active ingredients, route of administration, and the ATC classification system. A chi-square test was conducted to assess differences in proportions. The statistical significant level was set a priori at p ≤ .05.
RESULTS
There were 247 active ingredients reported in shortage in the US hospital setting in May-June 2014 ( Table 1) . This number came from aggregating the shortages reported by the ASHP (n = 246) and BWH (n = 42) and then removing duplications. There were 28 shortages reported by the FDA in the same period, however FDA shortages affect drugs used in inpatient and outpatient settings and were excluded from the study. There were 3 shortages in the US hospital setting for drugs unapproved by the FDA. Furthermore, there were 146 active ingredients listed in shortage in at least one of the Saudi hospitals in the same period. KAUH reported 133 shortages and KFSHRC reported 27. There were 19 drugs unapproved by SFDA that were reported in shortage by at least one of the Saudi hospitals. Volume 51, May 2016
There were a total of 1,633 and 1,424 approved and marketed active ingredients in the study period in the US and SA, respectively ( Table 1) . 20, 21 The percentage of approved drugs in shortage was higher in the US hospital setting (14.9%) than in the 2 Saudi hospitals included in the study (8.9%) (p < .0001).
Injectable products represented most of the shortages reported in the US hospital setting ( Tables 2  and 3 ). In contrast, oral products were more often reported in shortage in the 2 Saudi hospitals included in the analysis. The percentage of shortages corresponding to injectable products was higher in the US (78.1% of all reported shortages) than in the 2 Saudi hospitals (34.4%) (p ≤ .0001).The ATC classes with the largest number of shortages reported by BWH were nervous system (n = 9; 21.4%), cardiovascular system (n = 7; 16.7%), alimentary tract and metabolism (n = 5; 11.9%), and blood and blood forming organs (n = 5; 11.9%) ( Table 4 ). In the case of KAUH, anti-infectives (n = 23; 17.3%), alimentary tract and metabolism (n = 20; 15.0%), and blood and blood forming organs (n = 13; 9.8%) were the classes with the largest reported number of shortages. In the case of KFSHRC, alimentary tract and metabolism (n = 6; 22.2%), anti-infective (n = 3; 11.1%), and nervous system (n = 3; 11.1%) were the classes with the largest reported number of shortages. At the same period of time (May-June 2014), there were 7 active ingredients that were reported in shortage by BWH and KAUH and another 7 that were listed in shortage by KAUH and KFSHRC. Sodium phosphate was the only active ingredient that was listed in shortage by all 3 hospitals.
DISCUSSION
To our knowledge, this is the first study assessing differences in the characteristics of the shortages reported by hospitals in 2 different countries, US and SA, with significant differences in drug regulation, pharmaceutical sectors, and health care systems. The results of the study indicate that there are differences in the number of shortages reported by hospitals in different countries and also by hospitals located in the same country. Several factors, including different criteria for operationalizing and reporting shortages, could explain the differences in the number of shortages reported by the different hospitals.
Different definitions of shortage and the criteria for reporting a shortage may exist across countries, reporting hospitals, and institutions. Differences in the number of products in shortage reported by the FDA and ASHP have been attributed to variations in the definition of shortage and the characteristics of the reporting systems. 7 Differences in the incidence and characteristics of shortages can also be related to differences between SA and the US in drug regulations, pharmaceutical sectors, and health care systems.
Most shortages were reported by KAUH, followed by BWH and then KFSHRC. This difference might be attributed to several reasons. First, the drug budget allocated by each hospital for purchasing pharmaceuticals may be an important factor to explain differences in reported shortages. In the case of the Saudi hospitals included in the analysis, KAUH has a limited budget in comparison with KFSHRC. A difference in resources may have a significant impact on the ability to purchase or import drugs in short supply.
The relatively higher number of shortages found in the US hospital setting may be explained by the existence of a greater number of products available in the US market (including niche and orphan products) than in SA. The large number of niche products and specialty drugs used by a highly specialized hospital such as BWH may increase the risk of shortages, in spite of the larger budget allocated by BWH to pharmaceuticals.
The analysis at the level of the route of administration indicated that injectable was the route of administration most affected by shortages in BWH. However, in the 2 Saudi hospitals, the majority of shortages occurred in active ingredients with the oral route of administration. The reasons behind this difference may be related to the strict requirements for sterile manufacturing established by the FDA in the US; as a result, only a few companies have the capability to produce sterile injectable products in the country. 11 Additionally, the importation of sterile injectable products is complex and costly and has strict regulatory requirements set by the FDA, thus reducing the possibility of the international market purchasing sterile injectable medications by US providers. With the exception of antiparasitic products, drug shortages affected all therapeutic classes. In the US hospital setting, the largest number of shortages occurred in the classes of nervous system, anti-infectives, and cardiovascular system. In the 2 Saudi hospitals, shortages were more frequent in the classes of alimentary tract and metabolism agents and anti-infective medications. Differences in classes may be explained in part by the routes of administration used. Anti-infective drugs, for example, may have a larger number of injectable products in comparison with other classes.
The existence of only one active ingredient reported in shortage across all the hospitals assessed in the study was an unexpected result. However, this result indicates that shortages can occur at a micro level and that hospitals located in the same city may have different drugs in shortage.
This study has some limitations. We compared the number of drug shortages between the US and SA hospital settings during a relatively short period of time (May-June 2014). Expanding the analysis over a longer period of time may result in finding more similarities in shortages and potentially more shortages that occur across countries and hospitals.
Furthermore, the study only included one hospital in the US and 2 hospitals in SA, thus the results of the analysis cannot be generalized to other hospitals in these countries. There is no standard definition in the US and SA health care systems for identifying and reporting drug shortages. Additionally, assessing differences in shortages between these countries is difficult due to the lack of any national organization or institution reporting shortages in SA. In contrast, 2 main organizations, one public (FDA) and the other a nonprofit (ASHP), report shortages that occur in the country. Therefore, the interpretation of the p values must consider the differences between definitions, hospitals' characteristics, and regulatory systems. However, this is an exploratory analysis that aims to discuss differences in factors affecting drug shortages in the US and SA and not to generate results that could be generalizable to all hospitals. This study provides an estimation of the number of drugs in shortage. Future research should assess the impact of shortages on patient care at the level of each hospital.
CONCLUSIONS
Differences exist in the number and characteristics of drug shortages reported by hospitals in different countries and also by hospitals located in the same country. Several factors could explain the variation found in this study, including differences in definitions of shortage, budgets allocated to purchasing of pharmaceuticals, regulatory systems, and the mix of drug products used in each country and hospital. Results also indicate that shortages can be occurred at a micro level, with hospitals located in the same city reporting a set of different drugs in shortage.
There is a need for a standard definition of drug shortage that could be applicable across countries, reporting organizations, and hospitals. Such a definition will allow for a better understanding of the problem of drug shortages and assessment of the impact of policies aiming to reduce the clinical and economic impact of drug shortages.
Future studies could expand the sample to other hospitals in both the US and SA to generalize the result of the analysis to the hospital setting in each country. Moreover, further studies could assess the reasons for shortages and the prevalence of shortages as a proportion of the drugs listed in the formulary of each hospital.
